Several microalgae of the genus Alexandrium (Alexandrium minutum and Alexandrium catenelle) can produce an algal biotoxin, the paralytic shellfish poison (PSP) that can be accumulated in the shellfish edible tissues making them hazardous to the consumer's health. In this paper we report i) the results of PSP toxins survey carried out by mouse bioassays (mouse test AOAC 958.08) on 7457 samples of bivalve molluscs farmed in Sardinia and in other European countries and marketed in Sardinia region from 2002 to 2011, and ii) the management of positive cases. Based on our experience it is very important to strictly apply the planned activities in order to prevent any risk and to protect the consumer's and producer's health.
Introduction
Human illness caused by the consumption of contaminated seafood continues to be an important problem for the shellfish industry (Milandri et al., 2008) . Marine toxins, often produced as a result of harmful algal blooms (HABs), have been implicated as the causative agents of these poisonings (Kalaitzis et al., 2010) . HABs are a common phenomenon in coastal countries and are caused by sudden and excessive proliferation of certain species of toxic planktonic microalgae (Anderson et al., 2002) . The effects of HABs are poisoning events, resulting in the deaths of marine organisms, or the accumulation of toxins in the marine food chain can cause human poisoning. Because of the potential for shellfish poisoning via HABs, monitoring for dinoflagellates has become mandatory in most countries. Dinoflagellates are the major causative agents of HABs. It has been reported that many Dinoflagellate species can produce various toxins (Hallegraeff, 1993) . These toxins can be extremely toxic at low dosage (Wang, 2008) .
Paralytic shellfish poison is one of the major toxins causing health hazard to humans (Burkholder et al., 2006) . PSP-producing dinoflagellate blooms have caused serious problems worldwide, such as human fatalities from eating contaminated shellfish, and economic losses due to closure of shellfish harvest (Yan et al., 2003) .
Paralytic shellfish poison toxins belong to a neurotoxin group known as saxitoxins (STXs). They are mainly produced by dinoflagellates belonging to the genus Alexandrium (A. tamarensis, A. minutum, A.catenella, A. fraterculus, A. fundyense and A. cohorticula) (EFSA, 2009) . STX-group toxins, cause of paralytic shellfish poisoning in humans (FAO, 2004) , are a set of closely related tetrahydropurines and have been detected in filter-feeding bivalve molluscs. More than 30 different STX analogues have been identified and STX, NeoSTX, GTX1 and dc-STX are more known (EFSA, 2009) .
Ingestion of PSP toxins can cause severe symptoms. In particular, it can specifically and selectively block the sodium channels on excitable cells (Deeds et al., 2008) . The symptoms are purely neurological and their onset is rapid, within 30 min there is numbness of the lips and tingling, which can spread to the face and neck, and in most severe cases, there may be an altered perception to arms and legs. Respiratory difficulty is a late symptom, as a consequence of muscular paralysis and death may be the outcome within 24 h of consumption of the toxic shellfish (Etheridge, 2010) .
There is no antidote at the moment, supportive therapy is the gastric lavage and survivor fully recover (Daranas et al., 2001) . In 2002 fishermen working in harvesting sea in the Patagonia were intoxicated by consumption of filter-feeder bivalve Aulacomya ater. The two fishermen died 3-4 h after the ingestion of 7-9 ribbed mussel (Garcia et al., 2004) .
According with European regulation (EC Reg. n. 853/04) (European Commission, 2004) , presence of high levels of PSP toxin in bivalve molluscs (must not exceed the limit of 800 µg STX eq/kg in any part edible) determines their ban on harvesting and, consequently, cannot be retailed to avoid any risk for public health. While many of the factors affecting shellfish can be actively managed, in particular those related to breeding techniques, others, affecting the occurrence of algae, are impossible to control and, consequently, difficult to predict, for example temperature and light conditions (Ade et al., 2003) . A regional plan of surveillance, vigilance and sanitary control of production and marketing of molluscs, and of periodic monitoring of shellfish farming areas is in force in Sardinia. All activities are coordinated by the Dipartimento di Prevenzione dell'Assessorato alla Sanità and implemented by Servizi Veterinari e Medici delle Aziende Sanitarie Locali (ASL), Istituto Zooprofilattico della Sardegna (IZS) and Dipartimento di Botanica ed Ecologia Vegetale, University of Sassari. The regional plan, regarding the surveillance, provides the control of potentially toxic algae, eventually present in breeding waters, also, detection and quantification of toxins, sampling almost biweekly both water and molluscs. regarding the vigilance, the main objective of the regional plan is verification of compliance with microbiological, and chemical requirements both in production and marketing (Regione Sardegna, 2011) .
The objectives of our paper was to document the activities contemplate in the regional plans from 2002 to 2011 in Sardinia; to verify the respect of biotoxicological requirements for the PSP toxins indicated in the EC Reg. n. 853/04, in a representative bivalve sample collected in breeding areas and retailed in Sardinia; to identify the management procedure of non compliance resulting in the presence PSP toxins in bivalve molluscs. (Virgilio et al., 2003 (Virgilio et al., , 2004 (Virgilio et al., , 2005 (Virgilio et al., , 2006 (Virgilio et al., , 2007 (Virgilio et al., , 2009 Lorenzoni et al., 2011) were tested. Briefly, 100 g of shellfish tissue sample were boiled in 100 mL of 0.1 N HCL for 5 min, after adjustment of volume to 200 mL to reach the ideally pH to 3, they were centrifuged at 3000 rpm for 5 min. The extract was injected intraperitoneally with 1 mL of supernatant into 3 mice, symptoms, in terms of mouse behavior after injection, were observed, and lethal time was recorded, the test was considered positive when the mice died within a specific time period; the time of death is used to quantify the level of toxin present (AOAC 959.08) (AOAC, 2005) .
In Table 1 , the number of mollusc samples analyzed, their positivity for PSP toxins, and their percentage are summarized; all data are related to the year. In Sardinia, PSP toxins was found in 16 samples collected in Olbia gulf out of a total of 776 samples in 2002 (Virgilio et al., 2003) ; 12 samples collected in Olbia gulf out of a total of 754 samples in 2003 (Virgilio et al., 2004) ; in 15 samples collected in Cugnana gulf (Olbia) out of 762 samples in 2005 (Virgilio et al., 2005) , in 26 samples collected in Spain and destined to a farm located in Oristano (Virgilio et al., 2006) and in 5 samples of local production out of a total of 944 samples examined in 2006 (Virgilio et al., 2007) ; in 11 samples collected in Cugnana gulf and Porto Pozzo (Olbia) and in 5 samples gathered in Oristano gulf out of total of 834 samples in 2008 (Virgilio et al., 2009) ; in 14 samples collected in Cugnana and Porto Pozzo out of a total of 628 samples in 2009; in 5 collected in Porto Pozzo of a total of 671 samples analyzed in 2010; in 2 collected in of a total of 723 samples in 2011 (Lorenzoni et al., 2011) . None positivity was found in the year 2004, of a total of 712 samples, and during 2007, of a total of 653 samples. Two mollusc farming areas with a high risk level have been identified in Sardinia: one is located in Olbia gulf, Cugnana and Porto Pozzo, the other in Oristano gulf, both presented HABs caused by A. minutum and A. catenella (Figure 1) .
In Table 2 , as referred to Olbia gulf, Porto Pozzo and Cugnana, information about the period where the PSP toxins was found, the number of samples analyzed during that period, the number of positive samples and the origin area are shown.
In Table 3 , the same parameters are shown as referred to Oristano gulf.
Discussion
In 1976 a PSP outbreak was recorded in Western Europe, after the consumption of shellfish breeded in Spain, there were reported 38 poisoning cases in Italy (Ade et al., 2003) . During the year 1993, in mussels from the main breeding areas along the Emila Romagna coast, were found low levels of goniau toxin. This data showed the presence of algae able to produce PSP toxin in the Adriatic sea (Ade et al., 2003) . Moreover, an outbreak connected with the PSP toxins in molluscs of local production was reported along the emiliano-romagnola coast in the 1994 in Italy (Ciminiello et al., 1995) . Tables 1, 2, 3 show PSP-toxicity events in bivalve molluscs farmed in various marine areas of Sardinia. In Sardinia all analysis for PSP toxins from 1991 to 2001 were always negative (Virgilio et al., 2001 reported for the first time in 1999, with subsequent confirmation in 2000 and 2001 still in summer months (Lugliè et al., 2003a (Lugliè et al., , 2003b (Lugliè et al., , 2003c . This is one of the first reports of A. catenella in Italian waters as specie recently introduced in the Mediterranean sea. Other reports include the Balearic basin (Margalef and Estrada, 1987) , Valencia harbour (Gomis et al., 1996) and Catalan coast of Spain (Vila et al., 2001) . Toxic events were also reported in Thau lagoon from the Mediterranean coast of France (Masselin et al., 2001 ). Genetic analysis showed that A. catenella form the Mediterranean is closely related to the A. catenella of Asia Lugliè et al., 2003b) . For that reason it is supposed that A. catenella is an alien specie introduced with ballast water discharged from foreign ships and, consequently, biological material were transferred to shellfish farmings.
In the spring 2003, in the gulf of Olbia in Sardinia, the rebound phenomena of algal blooms and accumulation of toxins in bivalve molluscs were occurred.
Frequent observations of A. catenella from 1999, allows supposing that, despite of possible recent introduction, this specie, through mechanisms of adaptation and survival, has represented a public health risk now steadily present in the area. Development of temporary and permanent cysts is one of main survival mechanisms through that accumulation in marine sediment makes them capable to germinate and create the new blooms in suitable environmental conditions. Previous studies clearly reported that the gulf of Olbia, among the Sardinian areas of breeding and harvesting of wild and farmed shellfish, was a problematic site. This area was characterized by increasing risk not only for the dangerous species observed able to develop high density during all year, but also for predisposing events, including low hydrodynamics, high trophic activity, harbor with discharge of ballast water from ships, finally, aquaculture activities with introduction of biological material from other sites (Sannio et al., 1996 (Sannio et al., , 1997 .
According to data reported in literature, even in the areas where A. catenella constitutes an element of the autochthonous phytoplankton, the possibility of events prediction is low, both in terms of time and risks. In various species of dinoflagellates responsible for PSP, in fact, toxins combination, their potency and the extent of production can vary depending on geographical and environmental conditions. Furthermore, the amount of toxins per cell changes, it is probably due to the physiological state of populations and it decreases for decreasing of nutrients (Masó and Garcés, 2006) . Toxin accumulation in various parts of shellfish is different and the contamination range is depending on species, also relative to the time in which it arises (few weeks may be enough as previously reported in Olbia's cases). For this reason, especially in the areas of breeding, very strict monitoring programs for HAB events and shellfish contamination are increased with frequent and unavoidable embargo at the market.
In the gulf of Cugnana (Olbia) the appearance of the algal bloom phenomena and the resulting accumulation of biotoxins in bivalve molluscs occurred in winter months of 2005 and in the autumn and winter of 2008 (Lugliè et al., 2009 . The molluscs in the area of Porto Pozzo (Olbia) have been never affected by accumulation of algal toxins until December 2008, then reappeared always in winter months of , 2010 (Lorenzoni et al., 2011 In Oristano in January 2006, several batches of molluscs coming from an EU country were found contaminated by PSP during the sanitary checks at arrival. In November of the same year, the phenomenon also affected local production (Virgilio et al., 2007) . At the end of 2008, mussels farmed in the gulf of Oristano showed to be contaminated by PSP toxins (Virgilio et al., 2009) . Following these positive findings, series of measures were promptly adopted.
As for the non-compliance management in Sardinia, whenever the Official Laboratory of IZS observes algal toxins in quantities exceeding EU regulation limits, immediately notify the analysis outcome to the food safety authorities, local health Service of ASL, which carried out the sampling, ASL notify to the local authority (mayor) the immediate proposal for adoption of temporary and cautionary suspension of live bivalve molluscs harvest. ASL must also notify these measures to farms operating within the affected area for requirements it may concern, to region (Departments of Health and Environment) for the fulfillment of jurisdiction, to the other services of the Department of Prevention that may be involved. Next the ASL explore the possibility to activate the alert system (in order to identify and withdrawal and/or confiscation of concerned and suspicious items), to intensify supervision on commercial circuit, to start an intensive sampling of the contaminated shellfish and other species in breeding farms in which positivity was found in adjacent farms and natural areas bordering the classified area.
Restriction may be revoked by the territorial jurisdiction Veterinary Service of the ASL only after safety requirements are restored, which is after at least two consecutive results (within at least 48 h of each other) below limit values fixed by Community Regulation.
In case of detection of PSP toxins in local retail products it is immediately necessary to implement procedures for traceability and withdrawal / recall of the product and adoption of harvest suspension.
When detection of PSP toxins affect products from others EU countries, it is evident that safety guarantees taken by importing country giving out before products shipment.
When the detection of non-compliance occur at destination, the veterinary offices for compliance with community requirements (UVAC) can dispose rejection of the products and intensify checks of following batches of similar type and origin and it can activate the alert system community (RASFF), while local health authority has the assignment to order the seizure and subsequent destruction of non-conforming goods in question (Regione Sardegna, 2011 ). 
Applied Studies

Conclusions
To prevent the human pathologies, our experience indicate the importance of a strict application of the activities reported in the regional plan. Despite the persistent presence of PSP toxins from 2002 to now in bivalve molluscs in Sardinia, none human intoxication related to PSP toxins was reported. In our region, the system of prevention and control was particularly effective, and all episodes of toxicity of molluscs have been duly highlighted. 
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